Patients receiving opioid therapy are at elevated risk of attempting suicide. Guidelines recommend practices to mitigate risk, but it is not known whether these are effective. OBJECTIVE: Our aim was to examine associations between the receipt of guideline-recommended care for opioid therapy and risk of suicide attempt. DESIGN, SETTING, AND PARTICIPANTS: This was a retrospective analysis of administrative data for all Veteran patients prescribed any short-acting opioids on a chronic basis or any long-acting opioids from the Veterans Health Administration during fiscal year 2010. MAIN OUTCOMES AND MEASURES: Multivariate, mixed-effects logistic regression analyses were conducted to define the associations between the risk of suicide attempt and receipt of guideline-recommended care at the individual level and rates of use of recommended care at the facility level, while accounting for patient risk factors. RESULTS: At the individual level, having a mood disorder was highly associated with suicide attempts (odds ratios [ORs]=3.5, 3.9; 95 % confidence intervals [CIs]=3.3-3.9, 3.3-4.6 for chronic short-acting and long-acting groups, respectively). At the facility level, patients on opioid therapy within the facilities ordering more drug screens were associated with decreased risk of suicide attempt (ORs=0.2, 0.3; CIs=0.1-0.3, 0.2-0.6 for chronic shortacting and long-acting groups, respectively). In addition, patients on long-acting opioid therapy within the facilities providing more follow-up after new prescriptions were associated with decreased risk of suicide attempt (OR=0.2, CI=0.0-0.7), and patients on long-acting opioid therapy within the facilities having higher sedative coprescription rates were associated with increased risk of suicide attempt (OR=20.3, CI=1.1-382.2). CONCLUSIONS AND RELEVANCE: Encouraging facilities to make more consistent use of drug screening, provide follow-up within 4 weeks for patients initiating new opioid prescriptions, and avoid sedative co-prescription in combination with long-acting opioids may help prevent suicide attempts. Some clinicians may selectively employ guideline-recommended practices with at-risk patients.
IMPORTANCE:
Patients receiving opioid therapy are at elevated risk of attempting suicide. Guidelines recommend practices to mitigate risk, but it is not known whether these are effective. OBJECTIVE: Our aim was to examine associations between the receipt of guideline-recommended care for opioid therapy and risk of suicide attempt. DESIGN, SETTING, AND PARTICIPANTS: This was a retrospective analysis of administrative data for all Veteran patients prescribed any short-acting opioids on a chronic basis or any long-acting opioids from the Veterans Health Administration during fiscal year 2010. MAIN OUTCOMES AND MEASURES: Multivariate, mixed-effects logistic regression analyses were conducted to define the associations between the risk of suicide attempt and receipt of guideline-recommended care at the individual level and rates of use of recommended care at the facility level, while accounting for patient risk factors. RESULTS: At the individual level, having a mood disorder was highly associated with suicide attempts (odds ratios [ORs]=3.5, 3.9; 95 % confidence intervals [CIs]=3.3-3.9, 3.3-4.6 for chronic short-acting and long-acting groups, respectively). At the facility level, patients on opioid therapy within the facilities ordering more drug screens were associated with decreased risk of suicide attempt (ORs=0.2, 0.3; CIs=0.1-0.3, 0.2-0.6 for chronic shortacting and long-acting groups, respectively). In addition, patients on long-acting opioid therapy within the facilities providing more follow-up after new prescriptions were associated with decreased risk of suicide attempt (OR=0.2, CI=0.0-0.7), and patients on long-acting opioid therapy within the facilities having higher sedative coprescription rates were associated with increased risk of suicide attempt (OR=20.3, CI=1.1-382.2). CONCLUSIONS AND RELEVANCE: Encouraging facilities to make more consistent use of drug screening, provide follow-up within 4 weeks for patients initiating new opioid prescriptions, and avoid sedative co-prescription in combination with long-acting opioids may help prevent suicide attempts. Some clinicians may selectively employ guideline-recommended practices with at-risk patients.
INTRODUCTION
Patients receiving opioid therapy (OT) are at elevated risk of attempting suicide, 1 but definitive research to guide clinical practice for risk mitigation is lacking. Unmanaged severe, chronic and intermittent pain conditions increase risk of suicide attempt, 2-9 a finding that might encourage providers to take aggressive action to reduce chronic pain in at-risk patients. However, available opioids also provide means for attempting suicide, 10 potentially discouraging prescribing of these analgesics. Competing pressures have led experts to focus on clinical strategies for reducing the risk of adverse events in patients prescribed opioids.
In 2010, the Veterans Health Administration (VHA) and Department of Defense released a Clinical Practice Guideline for the Management of Opioid Therapy for Chronic Pain (CPG for OT).
11 Like other guidelines for OT for chronic pain, 12, 13 this guideline provides recommendations, based primarily on expert consensus, for recognizing patient populations at higher risk of opioid-related adverse events, and intensifying care or monitoring such patients to minimize risk. For all patients, especially higher risk patients, the guideline recommends intensified clinical management, such as timely follow-up after new prescriptions.
To track and encourage adherence to this emerging practice standard, a team including the guideline co-chairs; VHA national pain, pharmacy, and addictions policy leadership; primary care, specialty pain and mental health clinicians; and measurement experts developed a set of administrative databased process measures to evaluate current use of key guideline-recommended practices.
14 Examination of variation in use of recommended practices across VHA showed two common patterns: (1) for some recommendations, facility rates were consistent across the system, but indicated incomplete adherence to the recommendation; (2) for other recommendations, rates of adherence varied greatly across facilities. Because most guideline recommendations have been based on expert consensus rather than evidence-based research, it is not clear whether recommended care delivery, or the observed variations in clinical practice, impact patient risk for adverse outcomes.
Here, we examine associations between use of guideline recommendations for OT and risk of suicide attempt. Because clinical practices may be adapted based on patient characteristics associated with risk, solely examining patient-level or facility-level associations between clinical practice and outcomes can encourage logically flawed inferences regarding clinical practice effects. 15 Thus, we aim to examine associations between individual-level and facility-level delivery of guidelinerecommended care and individual-level suicide attempts. Notably, although the guideline provides detailed information to guide dosing of specific opioids during initiation, titration, and cessation, it does not specify prescription details such as choice of drug. Thus, such variables, while potentially relevant for suicide risk, were not included in these analyses.
METHODS

Data
All Veteran patients prescribed any short-acting opioids on a chronic basis (chronic short-acting, CSA) or any long-acting (LA) opioids from the VHA during fiscal year 2010 (FY10) were included in this analysis (see Appendix 1 for CSA and LA definitions). Chronic use of short-acting opioids was defined as having at least 90 days of supply in FY10.
14 Notably, 91 % of the patients in the LA group also received short-acting opioids in FY10, but were exclusively counted in the LA group. Clinical expert advisors suggested that long-acting medications may pose greater risk for adverse events, and that these medications are typically prescribed by specialists and in non-primary care settings. Here, we examine populations receiving any long-acting and chronic short-acting opioids separately, to clarify if and where differences in the patient risk and care practices exist. All patients receiving long-acting prescriptions were included, rather than just those with more than 90 days of supply, to allow for comparison with other published data on this population. 16 Given concerns about prescribing opioids to patients diagnosed with substance use disorder (SUD), additional analyses examined individuallevel and facility-level factors associated with suicide attempts among the patient population.
Data were extracted from the VHA National Patient Care Database and VHA Decision Support System pharmacy and laboratory files; databases were linked by matching patients' scrambled social security numbers. This study was approved and overseen by the Stanford University Human Research Protection Program and the VA Palo Alto Health Care System Research and Development Committee.
Measures
The dependent variable in this study is a binary indicator of whether a Veteran patient had completed or attempted suicide after being prescribed any CSA or LA opioids (hereafter referred to as Bsuicide attempts^). We included all documented incidents, confirmed or suspected, occurring in the first 180 days after any prescription was initiated during FY10 (see Appendix 2 for definition).
Individual-Level Predictors. Demographic variables included age, gender, and marital status. Age was categorized into three groups: younger than 31 years old, 31-55 years old, and greater than 55 years old. Physical/mental health status was represented by indicator variables for medical frailty, drug/alcohol/mood disorder, and traumatic brain injury (see Appendix 3 for definitions).
We used binary indicator variables to identify whether patients received guideline-recommended care. The covariates were chosen from the CPG for OT 11 and employed metrics developed for VHA that measured delivery of guidelinerecommended care.
14 Here, we include the following guideline-recommended care delivery measures (see Appendix 4 for rationale and definitions): psychosocial assessment or therapy, sedative co-prescription (e.g., benzodiazepines, barbiturates, and carisoprodol [Soma]), follow-up, drug screening, medication management, avoidance of sole reliance on opioids, and SUD specialty treatment.
Facility-Level Predictors. We included facility-level guideline-recommended care delivery rates in the analysis. These rates were calculated for each VHA facility by dividing the number of patients on OT receiving each guidelinerecommended service by the total number of patients on OT within the VHA facility.
Statistical Analyses
To examine individual-level and facility-level factors associated with patients' suicide attempts, we conducted multivariate mixed-effects logistic regression, with a random effect for each facility to account for the clustering of patients within VHA facilities. 15 Mixed-effects logistic regression is a branch of logistic regression having a binary outcome as a dependent variable (e.g., whether a patient attempted suicide after being prescribed only CSA or LA opioids). Traditional single-level logistic regression assumes observations are independent conditional on the covariates and uncorrelated residual errors, which may not hold when analyzing nested data. 16, 17 In contrast, mixed-effects logistic regression considers variations derived from the data's hierarchical structure and allows for simultaneous examination of effects of facility-level and individual-level variables on individual-level outcomes while accounting for the non-independence of observations within facilities.
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.
The analyses were performed for CSA and LA OT groups separately, and in addition, for SUD-diagnosed patients within each group. We chose a p value of < 0.05 as a threshold for statistical significance. All multivariate mixed-effects logistic regression analyses were conducted using the glmmPQL function in the MASS package 18 of R statistical software (version 2.15.0).
19
. Table 3 shows facility-level guideline-recommended care delivery rates for patients receiving OT. For patients on both CSA and LA OT, the guideline-recommended care most frequently provided was rehabilitation medicine (72.4 and 74.7 % for patients on CSA and LA OT, respectively). The guideline-recommended care least frequently provided was specialty pain pharmacotherapy with TCAs (14.3 and 19.0 % for patients on CSA and LA OT, respectively). The standard deviations of facility-level propensities to order drug screens for patients on both CSA and LA OT were largest compared to their mean propensities. This indicates that drug screens were not provided consistently to patients on CSA or LA OT across facilities. 3-3.9) . Moreover, patients receiving psychosocial assessment/therapy, sedative co-prescription, drug screening, medication management, rehabilitation medicine, and anti-inflammatory or specialty pain pharmacotherapy were associated with increased risk of suicide attempt. At the facility-level, patients prescribed CSA OT within VHA facilities ordering more drug screens were associated with decreased risk of suicide attempt (OR=0.2, CI=0.1-0.3). Table 4 also summarizes results for SUD-diagnosed patients on CSA OT. In general, the pattern of individual-level findings were similar to those for the entire CSA OT group; however, unlike the entire CSA OT group, gender and antiinflammatory and specialty pain pharmacotherapy (SNRIs) were not significant predictors of suicide attempts for the SUD-diagnosed group on CSA OT. Similar to results for the entire CSA OT group, having a mood disorder was highly associated with suicide attempts (OR=5.4, CI=4.6-6.3). At the facility-level, SUD-diagnosed patients on CSA OT within VHA facilities ordering regular drug screens (defined as at least one drug screen for every 90 days of opioid supply) more consistently or providing more SUD specialty treatment/SUDspecific pharmacotherapies were associated with decreased risk of suicide attempt (ORs=0.3, CI=0.2-0.6).
RESULTS
Overview
Chronic Short-Acting Opioid Prescribed Population
Long-Acting Opioid Prescribed Population
Results for patients on LA OT (Table 5 ) were consistent with results for patients on CSA OT. For the entire LA OT group, suicide attempts were associated with being younger, currently unmarried, and having medical frailty, drug/alcohol/mood disorder, or traumatic brain injury. Similarly, having a mood disorder was highly associated with suicide attempts (OR=3.9, CI=3.3-4.6). Patients receiving psychosocial assessment/therapy, sedative co-prescription, drug screening, medication management, rehabilitation medicine, or specialty pain pharmacotherapy were associated with increased risk of suicide attempt. Consistent with the entire CSA OT group, the LA OT group within VHA facilities ordering more drug screens was associated with decreased risk of suicide attempt (OR=0.3, CI=0.2-0.6); in addition, the LA OT group within VHA facilities providing more follow-up after new prescriptions was associated with decreased risk of suicide attempt (OR=0.2, CI=0.0-0.7), and the LA OT group within VHA facilities having higher sedative co-prescription rates was associated with increased risk of suicide attempt (OR=20.3, CI=1.1-382.2). Table 5 also summarizes results for the SUD-diagnosed group on LA OT. The pattern of individual-level findings was identical to those for the entire LA OT group, except that being currently unmarried was not associated with suicide attempts for patients with SUD. Similar to the entire LA OT group, among SUD-diagnosed group on LA OT, having a mood disorder was highly associated with suicide attempts (OR=5.9, CI=4.4-7.8). At the facility-level, SUD-diagnosed group on LA OT within VHA facilities providing more rehabilitation medicine were associated with decreased risk of suicide attempt (OR=0.3, CI=0.1-0.9), while SUDdiagnosed patients within VHA facilities having higher sedative co-prescription rates and providing more SNRIs were associated with increased risk of suicide attempt (ORs=30.2 and 62.2; CIs=1.1-829.3 and 2.2-1,769.3, respectively). A striking finding was a pattern of conflicting individuallevel and facility-level associations with suicide attempts. We believe this pattern suggests that at the individual-level, guideline recommendations were applied to higher-risk patients selectively, as patient receipt of guideline-recommended care was associated with increased risk of suicide attempt across most measures. 19 This suggests that, within VA, patients with increased risk of suicide attempt, most likely related to more severe or unmanaged chronic pain or comorbid mental health conditions, tend to receive more intensive, cautious, and comprehensive chronic pain and opioid management. We assume that this association is due to selective treatment of patients with greater pain or mental health severity or risk, rather than to guideline-recommended treatment increasing suicidality. An exception to this pattern was the recommendation to avoid co-prescribing sedative medications with opioids; patients on LA OT and co-prescribed sedatives were at higher risk of suicide attempts at both the individual and the facility level.
Examination of associations between facility-level guideline-recommended care delivery rates and risk of suicide attempt help to determine the value of regular or universal implementation of specific recommendations. Across CSA and LA populations, more consistent use of drug screening was associated with lower risk of suicide attempts. Drug screening is recommended to identify patients who may be using illicit substances or non-prescribed medications, so that the clinician can address risks and engage the patient in treatment for substance use problems. Active substance use is known to increase risk for suicide 20 ; insofar as drug screening is a first step towards helping patients cease active substance use, it should reduce this risk. Moreover, identification of substance use should trigger clinicians to reduce a patient's access to abusable medications that could be used in a suicide attempt. Reducing access to means of suicide is a wellestablished method for reducing suicidal behaviors. 21 If drug screening causally reduces suicide attempt risk, we estimate that universal drug screening would reduce the risk of suicide attempt in patients prescribed CSA or LA opioids by a factor of 3 to 6 across the models. These findings support the guideline recommendation that all patients considered for or receiving an opioid prescription should be screened for drug use. Consistently providing follow-up visits to patients initiating new LA opioids was associated with lower risk of suicide attempts. Follow-up within 4 weeks after new opioid prescriptions may help identify patients for whom opioids worsen mental health or are not effective in reducing severe pain. For patients on LA opioids, if follow-up is causally related to risk, consistently completing follow-up encounters within the time frame recommended in the guideline is estimated to reduce the risk of suicide by roughly 5.4 times.
Sedative drugs and/or alcohol are often found in fatal opioid poisonings, both intentional and accidental, 22, 23 and sedative prescription has been associated with higher risk of fatal accidental drug poisoning 24 and suicidal ideation and attempts. 25 Here, in both the overall and SUD-diagnosed subpopulation prescribed LA opioids, higher facility-level rates of sedative co-prescription were associated with much higher (20-30 times) risk of suicide attempt. Studies in VA populations have suggested that patients on high-dose opioids and with mental health disorders are more likely to also be coprescribed sedatives. 26, 27 Acknowledging that it is possible that suicide attempts are more commonly observed in people co-prescribed opioids and benzodiazepines because these are the most anxious and depressed patients, our findings at the patient and facility levels provide the guideline recommendation that sedatives not be prescribed in combination with opioids, at least for patients on LA opioids. Studies within and outside VA have suggested that patients diagnosed with SUD and other mental health disorders are more likely to receive opioids than patients without these conditions, and that prescription rates have increased more rapidly in these higher-risk populations. 28 VA patients with SUD on chronic OT have also been found to be more likely to show aberrant behaviors that increase drug supply, such as borrowing medication and requesting early refill 29 ; these behaviors may additionally increase risk of impulsive intentional overdose. The guideline suggests that SUD diagnosis should be an absolute contraindication for chronic OT unless the patient is receiving SUD treatment. Our findings support that recommendation: we found that (1) SUD-diagnosed patients have substantially higher rates of suicide attempt overall, and (2) among SUD-diagnosed patients prescribed CSA opioids, more consistent receipt of SUD treatment was associated with reduced suicide risk. If treatment is causally related to risk, universal SUD treatment in this population is estimated to reduce suicide attempt risk by a factor of roughly 3.4.
Encouragingly, SUD-diagnosed patients prescribed LA opioids whose care facilities consistently engaged them in rehabilitative treatments that focus on functional improvement had reduced risk of suicide attempt. These rehabilitative treatments may not only be effective for reducing pain, but may also improve function and decrease disability. Disability may contribute to suicidality 30, 31 ; rehabilitative treatments may limit suicide attempts by reducing functional impairment. The finding that SUD-diagnosed patients prescribed LA opioids have substantially elevated suicide attempt risk at facilities where SNRIs are prescribed at higher rates was unexpected, and should be explored in future studies before drawing inferences.
Our analysis has several limitations. First, this study examines associations in cross-sectional data; thus causality and directionality of identified relationships cannot be determined. Additionally, this study relies on administrative coding of diagnoses and adverse events in the electronic medical record. The accuracy and consistency of this coding may vary by provider. Moreover, VA may not be notified of all suicide attempts or deaths. In 2008, however, the VA Uniform Mental Health Services Handbook 32 instituted a requirement that all VA facilities employ suicide prevention coordinators, whose role includes reliably documenting and flagging patients with suicide attempts in the medical record to facilitate proper management of these patients. We expect that the availability of these staff at each VA facility improved reliability of suicide attempt coding across VA facilities, though it is likely that there is still some under-counting of events. Additionally, this study looks only at use of practices from the CPG for OT and does not comprehensively consider health care practices that might reduce suicide risk for this population. Lastly, we did not have data regarding the severity of Veteran patient pain intensity, functional limitations, chronicity and response to pain treatments. These factors have associated with suicide risk 33 and may underlie some of the associations observed in this study.
The associations identified between use of guideline recommendations for OT and risk of suicide attempt provide a rational basis for prioritizing implementation of guideline recommendations and encouraging facility-level adherence to the prioritized guideline recommendations. Future trials are needed to determine whether implementation of guideline recommendations for OT can reduce risk of suicide attempt for high risk populations. The findings here should help guide development and targeting of implementation interventions for such a trial. * The first five digits of the VHA Decision Support System (DSS) feeder key. We used this number to find pharmacy records in the DSS Pharmacy Laboratory National Data Extracts (NDEs). The DSS feeder key contains a 17-digit number that identifies the drug or supply dispensed. The first five digits contain an IEN that points to the entry in the VistA VA PRODUCT File (#50.68) for the drug dispensed. The last 12 digits contain the 12-digit version of the National Drug Code (NDC). The 17-digit number may be used to link the records to the National Drug File (NDF) (Source: http://www.virec.research.va.gov/RUGs/RUG-PBM-2nd-Ed-CY08-ER.pdf) * Patients with any of the codes in the right-hand column were coded to have medical frailty † Patients with any of the codes in the right-hand column were coded to have mood disorder 
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